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Description 



[AUTOMATED KNOWLEDGE SYSTEM FOR 
EQUIPTMENT REPAIR BASED ON 
COMPONENT FAILURE HISTORY] 

Background of Invention 

[0001] Field of the Invention 

[0002] jhe present invention generally relates to the problem of 
excessive repair expense and increased equipment down- 
time due to inaccurate initial diagnosis of equipment fail- 
ure. 

[0003] Description of the Related Art 

[0004] The present invention generally relates to the problem of 
excessive repair expense and increased equipment down- 
time due to inaccurate initial diagnosis of equipment fail- 
ure. This problem can occur when maintenance personnel 
do not have access to historic information regarding simi- 
lar or recent failures and repairs. It can also occur when a 
repair technician is inexperienced on the tool he or she is 



trying to repair, or is still in training. 
[0005] The cause of an equipment failure in a factory is fre- 
quently not initially apparent. A maintenance technician 
will make a diagnosis and repair based on their training 
and experience level. With no access to historic data re- 
lated to prior repairs, parts may be repaired or replaced 
without resolving the failure. Trial and error replacement 
of parts continues until the equipment is operational. Un- 
necessary replacement of parts results in extended equip- 
ment Mean Time To Repair (MTTR) and increased spend- 
ing on components, some of which are quite expensive. 
This process results in additional equipment downtime if 
a new component is removed and returned to the spare 
parts inventory and the original part is reinstalled. An ad- 
ditional concern is that the lack of visibility to effective 
versus ineffective repairs can result in learning incorrect 
repair processes. 
Summary of Invention 

[0006] The invention presents a computerized method, system, 
service, etc. for tracking equipment repair that begins by 
receiving an equipment identification of an item of equip- 
ment to be repaired from a user through a graphic user 
interface. The invention provides the user with a list of 



common problems for that item of equipment (and similar 
equipment) and a component hierarchy for the item of 
equipment. The invention allows the user to browse 
through multiple levels of the component hierarchy and 
select a major component, a minor component, or a sub- 
component from the component hierarchy. 
[0007] The invention receives diagnosis input from the user op- 
tionally selecting one of the problems and/or a compo- 
nent from the component hierarchy and, in response, pro- 
vides the user with detailed information based on prior 
failures for the problem and/or component selected by 
the user. Such detailed information comprises, for each 
direct subcomponent, the number of failures, the proba- 
bility of failure, the mean time between failures, the oc- 
currence of the most recent failure for each component 
and the next expected failure, etc. This process of provid- 
ing the detailed information includes providing detailed 
information for similar equipment as a group, and lists 
detailed repair information for all successful repairs re- 
lated to the selected problem and component (if any), with 
the most recent successful repairs being listed first. This 
detailed repair information can also include technician 
comments related to the repair and information regarding 



which repairs did not solve the problem. If no problem is 
selected by the user, the detailed repair information com- 
prises all successful repairs for any problem and matching 
the component selected by the user, and if no compo- 
nents are selected by the user, the detailed repair infor- 
mation comprises solutions for repair of major compo- 
nents. 

[0008] The invention receives history input from the user (after 
the item of equipment is repaired) regarding repair activi- 
ties and the invention maintains a database of the detailed 
information based on the history input from the user. The 
invention calculates the mean time between failures by 
only using successful repairs and considers repairs that 
were repeated within a predetermined time of the most 
recent failure to be unsuccessful. The invention also keeps 
track of which piece of equipment required the repair. 
Tools of a similar type are stored in a database table 
keyed by group name which allows real time calculation of 
failures for similar tools. Further, the invention calculates 
the probability of failure (e.g., in real time) for each major 
component, subcomponent, etc., by calculating how often 
a certain component fails, or how often a certain compo- 
nent is the cause of a failure. The information regarding 



the mean time between failures and tlie time since tlie last 
actual failure maintained by the database is very useful to 
provide guidance as to whether a certain component 
should be expected to fail and is likely the cause of the 
problem. 

[0009] Therefore, with the invention, historic information and 

calculated probability of component failure combined with 
even limited experience on the part of the technician will 
enable more accurate first time diagnosis of failures. The 
system provides an opportunity for cross training as tech- 
nicians reference and learn from repair actions and com- 
ments entered by other technicians for past similar prob- 
lems. This information is invaluable in determining which 
repair diagnosis and actions were successful and which 
were not. 

[0010] These, and other, aspects and objects of the present in- 
vention will be better appreciated and understood when 
considered in conjunction with the following description 
and the accompanying drawings. It should be understood, 
however, that the following description, while indicating 
preferred embodiments of the present invention and nu- 
merous specific details thereof, is given byway of illustra- 
tion and not of limitation. Many changes and modifica- 



tions may be made within tlie scope of tlie present inven- 
tion witliout departing from tlie spirit tliereof, and tlie in- 
vention includes all such modifications. 
Brief Description of Drawings 

[0011] The invention will be better understood from the following 
detailed description with reference to the drawings, in 
which: 

[0012] Figure 1 is a schematic diagram of a system according to 

the invention; and 
[0013] Figures 2A-2C is a flow diagram illustrating a preferred 

method of the invention. 
Detailed Description 

[0014] The present invention and the various features and ad- 
vantageous details thereof are explained more fully with 
reference to the nonlimiting embodiments that are illus- 
trated in the accompanying drawings and detailed in the 
following description. It should be noted that the features 
illustrated in the drawings are not necessarily drawn to 
scale. Descriptions of well-known components and pro- 
cessing techniques are omitted so as to not unnecessarily 
obscure the present invention. The examples used herein 
are intended merely to facilitate an understanding of ways 



in which the invention may be practiced and to further en- 
able those of skill in the art to practice the invention. Ac- 
cordingly, the examples should not be construed as limit- 
ing the scope of the invention. 

[0015] The invention is a computerized method that uses historic 
information to predict the likely cause of a current failure. 
The historic data is gathered when technicians enter in- 
formation in the system every time a repair is completed. 
This includes tool ID, date/time, technician, problem, 
components involved, action taken and associated com- 
ments. The mean time before fail (MTBF) and next ex- 
pected fail values are calculated from this information and 
stored for the problem and component hierarchy for the 
specific tool. If a problem recurs within a specified time 
frame, the prior fail diagnosis and repair is considered in- 
correct/unsuccessful and the MTBF values are recalculated 
with the unsuccessful repair being ignored. All comments 
entered at the time of the unsuccessful original repair are 
linked to the new repair to provide not only a history of 
what was useful, but also a history of what did not solve 
the problem, so as to allow future repairs to avoid the 
mistakes of the past. 

[0016] The invention gives maintenance personnel specific prob- 



able failure analysis and historic repair information when 
they encounter a new failure. In one embodiment, the in- 
vention resides in a web based system and is accessible 
from any terminal (e.g., a wired terminal on a manufactur- 
ing floor, or through a wireless internet connection at a 
remote site serviced by a field technician). 

[0017] Figure 1 illustrates the database 10 that maintains the re- 
pair history. The database 10 includes data on the items 
of equipment (the "tool type data") including the compo- 
nent hierarchy, failure descriptions, common problems 
and actions, and processes used to repair the compo- 
nents. The database 10 also includes failure data and in- 
formation about the repair including the problem, the ac- 
tion taken, the date and time of the repair, the technicians 
name, the failed components, etc. The invention calcu- 
lates the mean time between failures by tool based upon 
this information. Item 12 represents the central process- 
ing unit running the invention as software within a com- 
puterized system and items 14 represent wired or wireless 
terminals connected to the central processing unit 12 
through any form of computerized network. 

[0018] In Figure 1, item 16 represents the failure diagnosis pro- 
vided to the technician by the invention. The technician 



inputs an identification of tlie tool (item of equipment), as 
well as optionally selecting the problem and the suspected 
defective components causing the problem. In response to 
the input provided by the technician, the invention pro- 
vides the technician with data that will help solve the 
problem including the subcomponent failure probability 
(based on the history of failures with similar parameters), 
and the mean time before failure values by subcompo- 
nent. In addition, the invention provides the time, date, 
technician identification, problem identification, actions 
taken (successful and unsuccessful), failed components, 
technician's comments, etc. related to the previous re- 
pairs. This aspect of the invention can also provide trou- 
bleshooting guidelines and other similar documentation 
and repair instructions. 
[0019] Therefore, the invention receives history input from the 
user (after the item of equipment is repaired) regarding 
repair activities and the invention maintains a database 10 
of the detailed information based on the history input 
from the user 14. The invention recalculates and stores 
(using CPU 12) the mean time between failures by only 
using successful repairs and ignoring repairs that were ef- 
fected within a predetermined time prior to of the most 



recent failure for the same problem and component set. 
More specifically, the invention records when each com- 
ponent fails on a specific piece of equipment and the 
common problem defining the failure to provide a history 
of how long each component operates properly before 
failure. The invention calculates one or more statistical 
values, such as mean (average), mode, median, etc. relat- 
ing to when the component would normally be expected 
to fail on the specific machine. This information can then 
be retrieved and processed in a variety of ways, including 
grouping similar tools, predicting failure of components 
for a given problem (or any problem), predicting failure of 
any level of the component hierarchy, etc. 

[0020] Further, the invention calculates the probability of failure 
for each major component, subcomponent, etc., by calcu- 
lating how often a certain component fails, or how often a 
certain component is the cause of a failure over time. The 
information regarding the mean time between failures and 
the time since the last actual failure maintained by the 
database is very useful to provide guidance as to whether 
a certain component should be expected to fail and is 
likely the cause of the problem. 

[0021] The database 10 also keeps track of technician comments 



related to the repair, linking those subsequently deemed 
ineffective (based on recurrence of the problem in a given 
time period) to the most recent repair. Therefore, if a 
component has been in place well past its expected useful 
life (based on repair history in the database 10), the tech- 
nician can properly be more suspicious of the older com- 
ponent, and consider the component to more likely be a 
cause of the problem (and vice versa with respect to com- 
ponents that have not reached their life expectancy). 
When this information regarding whether a component 
has met or exceeded its life expectancy is combined with 
information regarding which repair activities were suc- 
cessful or unsuccessful, the probability that the repair 
technician will perform the proper repair the first time and 
avoid making unnecessary repairs is substantially in- 
creased. Further, this aspect of the invention helps reduce 
the time it takes to diagnose a problem because the in- 
vention relies upon statistical information (mean time be- 
fore failure) to help guide the technician to the correct di- 
agnoses. 

[0022] The invention receives diagnosis input from the user op- 
tionally selecting one of the problems and/or a compo- 
nent from the component hierarchy and, in response, pro- 



vides the user with detailed information regarding the 
problem or component selected by the user. Such detailed 
information comprises, for each direct subcomponent, the 
number of failures, the probability of failure, the mean 
time between failures, the occurrence of the most recent 
failure for each component, the next expected failure, etc. 
This process of providing the detailed information in- 
cludes providing detailed information for similar equip- 
ment and all successful repairs related to the problem, 
with the most recent successful repairs being listed first. 
This detailed information can also include information re- 
garding which repairs did not solve the problem. If no 
problem is selected by the user, the detailed information 
comprises all successful repairs matching the component 
selected by the user, and if no components are selected 
by the user, the detailed information comprises solutions 
for repair of major components. 
[0023] As shown in flowchart form in Figures 2A-2C, the techni- 
cian enters a tool ID 200 and is presented with a list of 
common problems and the component hierarchy for tools 
of the same type 202. The technician can optionally select 
the common problem that describes the current failure 
204 and/or optionally select a specific subcomponent us- 



ing "drill down" through the component hierarchy if a par- 
ticular area is suspect 206. 
[0024] The system searches the history data for fails matching 

the chosen problem and components 210, 214, 218, 220. 
More specifically, if the user identifies a problem and 
components 208, the invention searches for the common 
problems and components of the identified tool (or 
matching tool type) 210. If the user identifies a problem 
212, the invention searches for the common problems 
with the identified tool (or matching tool type) 214. If the 
user identifies components 216, the invention searches 
for the components of the identified tool (or matching 
tool type) 218. If the user does not select a common 
problem or component, the invention searches historical 
data for failures matching the tool type and major compo- 
nents for all problems 220. Thus, there are several special 
cases which will result in a modified view of the informa- 
tion. If no common problem is selected, the information is 
presented for all successful repairs matching the selected 
components without regard to the problem. If no sub- 
components are chosen, the information is presented for 
the major components defined for the tool type relating to 
the common problem selected. There may be an insuffi- 



cient number of prior fails for a particular tool to provide 
guidance. In this instance, successful repair and comment 
information for all tools of the same type will be dis- 
played. Information for the selected tool is listed first, fol- 
lowed by information for the rest of the tool type. 

[0025] Item 222 in Figure 2B illustrates that the invention calcu- 
lates the number of failures and probability of failure for 
each component, for each tool and tools of the same type. 
This processing can be done in response to a problem in- 
quiry by a user or can be performed in advance with the 
results being stored in the database 10. In one embodi- 
ment, the probabilities of failure statistics are updated 
periodically, or each time a repair is made. 

[0026] Then, depending upon the information input by the user, 
the invention retrieves the mean time before failure, last 
failure occurrence, next expected failure, etc. for each 
component of the selected tool. Item 226 represents a 
decision block as to whether a specific tool has a statisti- 
cally significant number of failures. Therefore, if a certain 
tool is experiencing a higher level of failure that other 
similar tools, the technician can be so advised. More 
specifically, if a certain tool does not show a statistically 
significant number of failures, the invention retrieves the 



repair information for tlie tool and for other similar tools 
including the problem, date and time of last repair, tech- 
nician who made the previous repairs, action taken to re- 
solve the problem, components involved in the failure, 
etc., as shown in item 228. However, if a tool has a statis- 
tically significant number of failures, the invention retrieve 
similar information only for the specific tool as shown in 
item 230. 

[0027] Therefore, if one individual piece of equipment tends to 
have a certain type of failure (that could be related to tool 
defect, tool usage, tool environment, etc.) that is unusual 
when compared to other similar tools, the technician is 
not provided with information regarding the other tools 
and is only provided information with respect to the tool 
in question. For example, a tool that is used within a 
harsh environment may suffer from repeated component 
failures that other similar tools used within mild environ- 
ments do not suffer. Therefore, in such a situation, infor- 
mation regarding how other similar tools were repaired 
may be misleading for the tool that operates within the 
harsh environment. Once again, this decreases diagnostic 
time and increases the accuracy of the diagnoses by pro- 
viding the technician with statistically relevant informa- 



tion. 

[0028] Item 232 demonstrates that the invention also retrieves 
comments for associated prior repairs, which can include 
information relating to repairs that were not successful, in 
order to help the technician avoid making unnecessary 
and ineffectual repairs. Comments for a failed repair at- 
tempt are specially marked and shown along with the 
comments for the ultimately successful repair. This pro- 
vides the ability for the technician to see what actions re- 
solved similar failures. Equally important, it also lets them 
learn which actions were ineffective. 

[0029] The technician then receives the following information (for 
each direct component for the tool) the number of fails 
(also for tools of the same type), the probability of failure 
(also for tools of the same type), MTBF, prior failure date/ 
time, and the next expected fail date/time 234. Once a 
diagnosis has been made, the technician can directly ac- 
cess web based guides 236, 238 which contain step- 
by-step procedures, failure analysis guides and other 
documentation to complete the necessary repair. The pro- 
cess can then be repeated for a new tool 240, for the 
same tool 242, or ended. Thus, the technician may choose 
to select new sub components based on this information 



and start the search again 242. This provides the ability to 
drill down through the component hierarchy to find the 
predicted failure probability for any component. 

[0030] Therefore, with the invention, information for all success- 
ful prior repairs (most recent first) which match the tech- 
nician"s input are provided to the technician. Historic in- 
formation and calculated probability of component failure 
combined with even limited experience on the part of the 
technician will enable more accurate first time diagnosis 
of failures. The system provides an opportunity for cross 
training as technicians reference and learn from repair ac- 
tions and comments entered by other technicians for past 
similar problems. This information is invaluable in deter- 
mining which repair diagnosis and actions were successful 
and which were not. 

[0031] Additionally, the invention allows the technician the ability 
to search the historical comment information for any 
combination of values. For instance, they may want to find 
all comments related to a particular tool, component, 
problem, or action taken. 

[0032] The invention is applicable to all forms of equipment and 
all types of service industries that perform repairs includ- 
ing, manufacturing, construction, computers, automotive. 



appliances, industrial, household, medical, etc. Further, 
the invention is useful with all systems that use some 
form of computerized repair tracking including stand 
alone computer systems, local area networks, wide area 
networks, worldwide networks, wired and wireless sys- 
tems, etc. 

[0033] Other benefits of the invention include reduced tool down 
time, reduced problem determination time, and improved 
"fixed right the first time"statistics. The invention provides 
technicians the information they need in one place his- 
tory, diagnostics and access to online repair manuals and 
instructions. The invention can also reduce unnecessary 
replacement of parts and associated costs as prior learn- 
ing will show which repairs are effective and which are 
not. The invention also provides education of newer tech- 
nicians at the time of repair using historical repair infor- 
mation, with less need to "consult the expert". The inven- 
tion can also be used to manage spare parts inventory us- 
ing "next predicted fail" data reducing the need to carry 
extra inventory common with "buy "n" parts when inven- 
tory reaches "x""or "replace as used"schemes. 

[0034] While the invention has been described in terms of pre- 
ferred embodiments, those skilled in the art will recognize 



that the invention can be practiced with modification 
within the spirit and scope of the appended claims. 



